Abstract: The purpose of this investigation is to detect a damage from actual stress distribution in the surface of specimen by using X-ray diffraction technique during fatigue test. An apparatus to measure the actual stress distribution along specimen circumference was fabricated by use of a cantilever type rotary bending fatigue machine and a stress analyzer based on single exposure technique with two position sensitive proportional counters. The authors developed a method for collecting separately the diffraction profile at each position along the circumference. Actual stress distributions at the maximum tensile applied stress were dynamically measured. As a result, the shape of the distribution was keeping stable with the increase in the number of stress cycles until crack initiation. When the crack length reached greater in size than the width of irradiation area, the actual stresses at the crack position were suddenly decreased down to 0MPa, and the distribution showed a V-shape. These results show that the method adopted in this study is available for detecting both the position and the period of crack initiation.
INTRODUCTION
A number of studies on the application of change in residual stress and the half-value breadth of diffraction profile to the evaluation of fatigue strength have been reported [1] [2] [3] . However, it is often difficult to detect the fatigue damage or to estimate the fatigue life according to the change in residual stress.
It is, however, found that the technique to observe the actual stress applied to the specimen during the fatigue test by using an X-ray stress analysis is effective for the evaluation of such a damage [4] [5] [6] [7] .
In this study, therefore, a dynamic X-ray stress analysis system was developed first, which was capable of measuring the actual stress distribution on the specimen circumference under the maximum tensile applied stress in the cantilever type rotary bending fatigue test. Then, the actual stress distribution was measured with this system to confirm whether it was actually possible to detect the crack initiation period and position from the distribution. The specimen with a round hole bored on the circumference was also used to measure the actual stress distribution for the determination of limits of crack detection by this method. Figure 1 shows the cantilever type rotary bending fatigue test machine, specimen and the X-ray stress analyzer based on the single exposure technique used in this study.
DEVELOPMENT OF METHOD TO MEASURE ACTUAL STRESS IN FATIGUE TEST

The Cantilever Type Rotary Bending Fatigue Test
According to the previous investigation on dynamic stress measurement conducted during fatigue test [6] , it was found that the actual stress on a surface crack was markedly released when the maximum tensile served stress was applied. The purposes of this study are to measure the actual stress distribution along the specimen circumference at the maximum tensile applied stress, and to obtain the information on the crack according to the shape of the stress distribution. Therefore, it was decided to adopt the cantilever type rotary bending test, because shown in Fig. 9 reveals a completely identical tendency. Although only two sizes of X-ray irradiated area were selected in this study, it can be judged from the results of the experiments that any crack can be detected by the change in stress distribution where the surface crack length becomes equal or greater than the width of X-ray irradiated area. It is confirmed that the reduction of the irradiated area is effective to detect sensitively a crack.
. CONCLUSIONS
A system was constructed in this study for the measurement of the actual stress distribution along the specimen circumference under the maximum tensile applied stress during the cantilever type rotary bending fatigue test. The actual stress distributions in the surface were actually measured by the method developed, and the following conclusions were obtained.
(1) Although the mean value of the actual stress distribution decreases with the increase in the number of stress cycles, the shape of the distribution stays constant without any change until a macroscopic crack initiates. (2) After the initiation of the crack, the actual stress at the crack initiation position markedly drops, and the actual stress distribution shows a V-shape around that position. (3) It is found that the reduction of the X-ray irradiated area is effective to detect a crack. Within the measurement conditions used in this study, however, it is difficult to detect a crack from the change in actual stress distribution, unless the surface crack length becomes the same or greater than the width of the X-ray irradiated area.
